Anti-tumor necrosis factor-alpha (TNF-α) immunotherapy has revolutionized the treatment of inflammatory diseases, such as psoriasis and psoriatic arthritis. However, a major concern is that patients receiving this therapy have an increased risk of infection, particularly of reactivation of latent tuberculosis (TB). There were an estimated 10.4 million new cases of tuberculosis in 2016, worldwide, and India has one of the largest TB case burden with an estimated incidence of 2.79 million cases of TB in the same year. Anti-TNF agents like etanercept and infliximab are available in India approved for psoriasis and psoriatic arthritis. But long-term use of these agents possesses a risk of reactivation of latent TB. In this review article, we assessed the risk of TB with anti-TNF therapy especially in patients with psoriasis and psoriatic arthritis in India. At the end of the article, we have also suggested a recommendation for screening of latent tuberculosis and its management, before starting anti-TNF-α therapy.
Introduction
Psoriasis affects approximately 2%-3% of world's population. The incidence of psoriasis among patients with skin disease in India ranged between 0.44% and 2.2%, with an overall incidence of 1.02%. 1 Approximately 25% of the cases are associated with psoriatic arthropathy. Psoriasis is now recognized as a systemic disease. Comorbidities include obesity, metabolic syndrome, cardiovascular, cerebrovascular, peripheral vascular disease, cardiac arrhythmia, psychiatric disorders, and psychosocial effects. 2 There are different therapeutic approaches which are already in use for the disease. Most conventional therapies available till now aim at producing clinical improvement of the disease without targeting the factors that cause psoriasis.
Biological therapies for psoriasis include drugs that are made of proteins of living organisms that target specific molecular steps important in the pathogenesis of psoriasis and psoriatic
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arthritis. Currently available biologicals directed against tumor necrosis factor-alpha (TNF-α) have significantly improved the treatment of psoriasis and psoriatic arthritis. 3, 4 TNF-α plays a major role in the formation of tuberculous granulomas. So, increased risks of tuberculosis (TB) are a major safety concern with anti-TNF-α treatments. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] There were an estimated 10.4 million new cases of TB disease (also known as active TB) in 2016. 14 India has one of the largest TB case burdens. The World Health Organization (WHO) TB statistics for India for 2016 gives an estimated incidence figure of 2.79 million cases of TB in India. 15 In India, anti-TNF-α are widely used by rheumatologist in the treatment of various rheumatological diseases such as rheumatoid arthritis, juvenile idiopathic arthritis, ankylosing spondylitis, ulcerative colitis, and Crohn's disease. The most common anti-TNF-α agents used in India are etanercept, infliximab, and adalimumab. Although they have a long-term safety profile, these agents have been shown to increase the risk of developing TB. [16] [17] [18] [19] Etanercept and infliximab are available in India and are approved for psoriasis and psoriatic arthritis. But there are very limited data or case series of incidence of TB with the use of anti-TNF agents in patients with psoriasis and psoriatic arthritis in India. The objective of this review is to provide a comprehensive report on the risk of TB with anti-TNF-α therapy in patients with psoriasis and psoriatic arthritis in Indian population. In addition, we have also discussed evidence-based recommendation for screening and management of latent TB infection in patients with psoriasis before initiating anti-TNF-α treatment.
Search Methodologies and Outcome Information Used for Preparation of This Review
For this review, we have primarily searched English language PubMed and non-PubMed database literature to gather appropriate reports about risks of TB with anti-TNF-α therapy among patients with psoriasis/psoriatic arthritis in Indian population. For both PubMed and non-PubMed literature search, we used the following keywords: anti-TNF agents, latent TB, India, psoriasis, and psoriatic arthritis.
After reviewing articles in PubMed, we observed that Navarra et al. reported that the risk of TB is substantially higher in patients from Asia with anti-TNF-α therapy. 20 In this study, India ranked seventh out of 15 Asian countries in terms of absolute risk of TB with use of anti-TNF-α agents, and the estimated absolute risk of increase in TB (per 100,000) was 4922, 302, and 3125 respectively with adalimumab, etanercept, and infliximab therapy. In a study from India, Puri et al. reported that out of 79 patients with ulcerative colitis treated with infliximab, 3 patients developed disseminated TB and 4 developed pulmonary TB. 16 But this study did not take patients with psoriasis/ psoriatic arthritis into account. Singh et al. reported a case of rectal TB after infliximab therapy despite negative screening for latent TB infection (LTBI) in a patient with ulcerative colitis. 21 We did not find any report in PubMed database about TB infection in patients with psoriasis/ psoriatic arthritis with anti-TNF-α agents.
As there were no studies available in PubMed about the risk of TB infection with anti-TNF therapy in India, we broadened our PubMed search to include literature in countries where TB is endemic, and also we searched non-PubMed databases such as Google Scholar and Cochrane database. We observed that most of the studies were done on patients suffering from rheumatological disorders other than psoriasis/psoriatic arthritis. Here, we are reporting representative studies which may suggest similar possible risks of TB in Indian population. A study conducted in Spain, which is a TB endemic country, found that 42 (29%) patients were diagnosed with LTBI out of 144 patients with psoriasis. Only one patient had developed a primary active TB with infliximab therapy. 22 In Korea, Byun et al. conducted a study among 525 patients with inflammatory bowel disease (IBD) receiving TNF-α blockers (365 TNF-α blocker-naive and 160 TNF-α blocker-exposed). The study demonstrated that the incidence of TB was significantly higher in patients with IBD receiving TNF-α blockers compared with TNF-α-blocker-naive patients (3.1% vs. 0.3%, P = 0.011); de novo pulmonary TB infection was more prevalent than reactivation of LTBI. 23 In a Brazilian registry study, out of 1552 patients of RA, 415, 942, and 195 patients were treated with synthetic disease-modifying anti-rheumatic drugs (DMARDs), synthetic DMARDs combined with anti-TNF (etanercept, infliximab, and adalimumab), and synthetic DMARDs combined with non-anti-TNF biologics (abatacept, rituximab, and tocilizumab), respectively. The study showed that five patients developed TB (two pulmonary TB, two ganglionar TB, and one disseminated TB) in synthetic DMARDs with anti-TNF group, one pulmonary in synthetic DMARD group and no incidence of TB reported in synthetic DMARDs with non-anti-TNF biologic group. 24 In the non-PubMed literature search, we found two more reports on anti-TNF therapy-associated TB in Indian patient population. Kumar et al. reported 7 cases of TB out of 216 patients. Out of 176 patients with infliximab therapy, 5 had reactivation of TB, and out of 40 cases of etanercept therapy, 2 had TB lymphadenitis. 19 Kumar et al. reported one case of tuberculous pleural effusion among 77 patients with spondyloarthritis after treatment with etanercept biosimilars. 25 Again, we did not find any report of TB infection in patients with psoriasis/psoriatic arthritis on treatment with anti-TNF-α agents.
Discussion
The use of anti-TNF agents has revolutionized treatment of psoriasis/psoriatic arthritis and other inflammatory diseases, but development of active TB/reactivation of LTBI after anti-TNF therapy is a matter of serious concern especially when these agents are used in TB-endemic countries. 3, 4 There are published cases of active TB infection after anti-TNF therapy in TB-endemic and non-TB-endemic countries in international literature. Except the study in Spain, 22 which included a large number of patients with psoriasis, most of the studies included patients with other rheumatological disorders. Studies on patients with psoriasis/psoriatic arthritis are still lacking globally. There is dearth of studies in India as well. Only three published articles showed active TB infection following anti-TNF therapy in Indian population, and these studies too were conducted on non-psoriatic rheumatological disorders. Studies on risk of TB with anti-TNF-α therapy in psoriasis and psoriatic arthritis in India are lacking despite India being a TB-endemic country. Anti-TNF-α agents like adalimumab, etanercept, and infliximab are approved for psoriasis/psoriatic arthritis in India. These agents showed good efficacy in treating psoriasis/psoriatic arthritis with minimal side effects, compared with conventional systemic agents. As incidence of both active TB and LTBI are high in India, and studies showed development of active TB with use of these agents, careful screening is thus crucial in patients who are about to commence anti-TNF treatment. The results of our literature search clearly send a message that as a specialist in the field of psoriatic disease we need to do ground work to identify risks for reactivation of TB following anti-TNF therapy in patients with psoriasis. We are hoping that a collaborative work with specialities like chest medicine and dermatology under the able leadership of their existing associations at national level could be an appropriate approach to address this challenge. An evidence-based recommendation for screening, assessing risk, and managing latent TB infection in patients before starting anti-TNF-α treatment is proposed in this review.
Recommendations for Latent TB Screening and Prophylaxis in Patients planning to be treated with Anti-TNF Agents
There are no 100% specific or 100% sensitive methods for diagnosing latent TB infection, and with the currently available methods, one cannot predict with certainty which patients will develop active TB during anti-TNF-α therapy.
Risk Factors for Latent TB Infection
People who live in high TB incidence areas for > 3 months, those who have been in close contact with patients with infectious TB, demonstrate radiological evidence of previous TB infection, or have undergone previous treatment for active TB or LTBI are considered to be at risk for de novo TB infection or reactivation of TB following ant-TNF therapy or other immunosuppressive agents. Also, other risk factors to be considered for LTBI are poor nutritional status, elderly people, low socioeconomic status, and generalized immunosuppression from underlying conditions such as acquired immunodeficiency syndrome or simultaneous use of immune-modulating agents such as corticosteroids and chemotherapy.
Screening Strategies for Latent TB Infection
All patients should be clinically evaluated for history of chronic cough, fever of long duration, loss of appetite, weight loss, night sweats, and other clinical evidences of extrapulmonary TB (lymph nodes, genitourinary, gastrointestinal, central nervous system, bones and joints). The directives of the National Tuberculosis Program/Revised National Tuberculosis Control Program (NTP/RNTCP) 26 are targeted toward treatment of active TB. There are no definitive consensus guidelines in India on the approach to LTBI and its management. The two commonly used tests to diagnose LTBI are tuberculin skin test (TST) and interferon gamma release assay (IGRA). Both these tests detect the presence of immunological memory of T cells exposed to the mycobacteria causing TB.
TST or Purified Protein Derivative Test
The TST or Mantoux test is a tool for TB screening based on the T-cell-mediated delayed-type hypersensitivity reaction. 27, 28 A standard dose of five tuberculin units (TUs) (0.1 mL) is injected intradermally (into the skin) and read 48-72 hours later. PPD-RT 23 with Tween 80 of strength 1 TU and 2 TU are standardized tuberculins available in India supplied by the Bacillus Calmette-Guérin (BCG) Vaccine Laboratory, Guindy, Chennai. The skin induration (raised, hard area of skin and not redness) is measured by a trained healthcare professional using a ruler. A positive Mantoux test detects immune response to TB bacteria but does not identify if the disease is latent or active and also it has its limitations because of a false-positive or a false-negative response. 29 The test has a poor positive predictive value for current active disease. 30 
Interpretation of Tuberculin Reaction

Positive test
Five millimeters or more is positive in 
Interferon Gamma Release Assay
When the T cells of a patient with TB are re-exposed to TB-specific antigens, they secrete IFN-γ, which can be measured by an enzyme-linked immunosorbent assay. IGRA uses the antigens of RD1 region of Mycobacterium tuberculosis, the 6-kD early secreted antigenic target (ESAT-6), and the 10-kDa culture filtrate protein (CFP-10). 31 The IFN-γ is quantified in terms of International Units (IU)/mL and the test is positive if this value is above the upper threshold for the test. The test is considered positive if the number of cells is higher than the negative control. False-positive or false-negative results for these tests occur due to mitogen contamination of the isolated cells. Some of the major limitations are lack of reproducibility, variability due to analytical or preanalytical sources or immunological variability. 32, 33 The commercially available tests for such measurement include QuantiFERON-TB Gold assay (QFT-G), QuantiFERON-TB Gold In-Tube assay (QFTGIT), and T-SPOT TB assay. IGRAs and TST are both used for identifying LTBI, although both are unable to differentiate latent versus active TB infection. The difference between both the screening methods is given in Table 1 .
Follow-Up Tests
According to the WHO guidelines, for a patient who tests positive on either the TST or IGRA test, a chest radiograph is mandatory to rule out the presence of active TB. If an abnormality is observed on the chest radiograph, then the patient should be treated for either active TB or LTBI depending on the clinical picture. 34 In those, with high risk of exposure to TB, even if the above-mentioned tests are negative and the CXR is normal, a contrast-enhanced computed tomography (CECT) scan of the chest may be performed to be more certain. 35, 36 A sputum examination for acid-fast bacilli staining and culture along with physical examination and medical history is a prerequisite to rule out LTBI/active TB according to the Centers for Disease Control and Prevention (CDC) guideline for primary healthcare providers to identify LTBI cases. 36
Therapy Recommendations for Latent TB
Isoniazid therapy for a period of either 6 or 9 months is suggested by both the CDC and WHO. 27, 36 The 9-month therapy is preferred for children (2-11 years) . Rifampin (rifampicin) 4-month regimen can also be prescribed as a monotherapy for LTBI treatment in patients who are intolerant to isoniazid or exposed to isoniazid-resistant TB. 37 Finally, isoniazid combination with rifamycin group (rifampicin or rifapentine as per 36, 38 Latent TB therapy recommendations and dose range are given in Table 2 .
A Suggested Algorithm for Patients with Psoriasis and Psoriatic Arthritis: Latent TB Screening and Therapy Recommendation Prior to Anti-TNF-α Therapy
1. Considering the paucity of data on anti-TNF therapy treatment in patients with psoriasis and psoriatic arthritis in India, an algorithm for TB screening, evaluation, and treatment is recommended [ Figure 1 ]. 39, 40 If positive, LTBI is to be suspected. The testing doses of the PPD need to be standardized based on the patient history. Additionally, different cut-off levels of induration with TST are suggested based on the history, risk factors, and contact with TB cases. TST sensitivity in immunocompromised patients, malnourished patients, or patients on steroid therapy may be increased by using higher concentrations of PPD for the test (10 TU PPD instead of 1 TU PPD) so as to reduce the chances of a false-negative result. 41 4. After this screening, a CXR is proposed. If the radiograph shows old scar or doubtful lesion, to verify it further, a CECT scan can be done to see active TB lesion, if any. In case of normal CXR and normal CECT chest, it should be treated as LTBI. In case of normal CXR and lesions suggestive of active TB in CECT chest, then it should be treated for active TB. At all stages, it is important to rule out the presence of active TB. If active TB is detected, then the patient should be prescribed therapy in line with RNTCP recommendations. 5. For prophylaxis, isoniazid 6-9 months may be prescribed. The necessity for continuation of the therapy after the end of treatment is advised on a case-to -case basis. 42 6. If the clinical picture demands, anti-TNF therapy may be started after 1-2 months of prophylaxis. 43 In some cases, the physician may decide to initiate anti-TNF/ biologic therapy only after the TB prophylaxis is complete.
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